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POSTNATAL CHANGES IN THE OXYGEN CAPACITY AND
DISSOCIATION CURVE OF THE BLOOD OF LAMBS*
DONALD H. BARRON
Observations on the form and position of the oxygen dissociation curve
of the bloods of fetal sheep indicate that they are uniform in character and
position from the 60th through the 116th day postinsemination, though
placed far to the left of similar curves prepared with bloods from normal
adults.' Curves prepared with bloods from fetuses 117-121 days post-
insemination may be of the earlier form and position or be placed slightly
to the right, i.e., the period marks the beginning of the transition from the
earlier fetal toward the adult type of dissociation curve. The curves of
bloods of older fetuses, 122nd day postinsemination to the end of gestation
at about 145-150 days, appear always to be situated to the right of the
earlier curves characteristic of the first four months of the gestation period,
but the most advanced curve obtained from the blood of a full-term fetus
delivered by caesarian section was still far to the left of the limits of the
area in which the curves of normal adults fall. Clearly the transition from
the fetal type of oxygen dissociation curve to that of the adult sheep must
be completed in the postnatal period. The object of the experiments to be
reported here was to determine: (i) the rate at which this transition takes
place postnatally; (ii) when it is completed; and (iii) to discover
circumstances that might be associated with its genesis and rate.
MATERIALS AND METHODS
For these experiments eight lambs were available; two, Nos. 19c and 55, were de-
livered by caesarian section at 121 and 139 days postinsemination, respectively. The
other six lambs, Nos. 56, Betsy, Patrick, Bagdad, Finise, and Mary, were delivered
naturally in the laboratory at full term. Nos. 19c and 55 were bottle fed on cows' milk;
Bagdad was similarly fed after the mother died six days postpartum. The other lambs
were nursed by their mothers. All of the lambs, except Bagdad, appeared to gain in
weight and to develop normally. Bagdad was always smaller and less strong than the
others. Except for the bloods that were taken from the umbilical vessels for the initial
curves of the two lambs which were delivered by caesarian section, the samples were
drawn from the external jugular vein, without anesthetic. They were drawn into a well-
oiled syringe in which the dead space was filled with a solution of oxalate and fluoride
(3 grams potassium acid oxalate and 1 gram sodium fluoride in 100 ml. distilled water)
and contained sufficient in excess so that the final sample was diluted one part of solu-
tion to nine of blood.
Five cc. samples were equilibrated at 390 C. in 250-300 cc. tonometers containing gas
mixtures in which the oxygen tensions had been adjusted to appropriate levels by re-
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placing the air in them with nitrogen; C02 was added so that the pressure at equilibrium
was 40 + 2 mm. Hg. The pressure in the tonometers was brought to atmospheric by
opening the stopcocks two or three millimeters below the surface of the water and
allowing the excess gas to escape (about 5-8 minutes after their introduction into the
bath). The blood was withdrawn from the tonometer, by a needle thrust through its
rubber stopper, into a well-oiled syringe which served to store the sample before it was
transferred to the Van Slyke pipette. The gas content of the bloods was determined in
duplicate on 0.5 cc. samples by the manometric method of Van Slyke. The gas analyses
were done in duplicate by means of the Henderson-Haldane apparatus.
RESULTS
Within this relatively small series of six lambs born naturally, at "full
term," there is a wide variation in the position of the oxygen dissociation
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curves of individual bloods taken at birth. The two extremes in this range
of variation are represented by the positions of the curves obtained with the
bloods of the lambs Mary (Fig. 1) and sheep 56 (Fig. 2). The position
of the curve of the blood of Mary is just slightly to the right of the field
which includes the curves of bloods of fetuses 60 to 120 days postinsemina-
tion,I whereas the position of the curve of the blood from the lamb of sheep
56 is similar in shape and position to curves of fetuses of 140-150 days
delivered by caesarian section. The curves of the bloods of the other four
lambs are intermediate in position; that of the blood of Betsy is just to the
right of the curve of Mary's blood and it is of the same general form. The
curves of the other three lambs were similar in form and grouped close to
the curve of the lamb of sheep 56. Though the factors which determine the
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position of the dissociation curve at birth are unknown, it may be signifi-
cant that Mary and Betsy both had litter mates, i.e., they were the indi-
viduals selected for study from two sets of twins. The other four individuals
whose bloods were studied were singlets. All of the lambs ranged between
3.8-4.2 kilos at birth and made satisfactory weight gains in the neonatal
period-Bagdad excepted.
A comparison of the dissociation curves of bloods taken from an
individual lamb at approximately weekly intervals after its delivery-either
naturally or by caesarian section-indicates that (Figs. 1, 2, 3, and 4) the
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rate of change in the blood from the fetal or natal toward the adult char-
acter, as indicated by the form and position of the curves, is most rapid in
the fortnight immediately following delivery. Thereafter the dissociation
curve shifts more slowly toward the right to reach the field for adult sheep
between 34 (sheep 56) and 48 days (sheep 19c) after delivery. The interval
required for the completion of the transition appears to be determined by
the position of the dissociation curve at birth; the farther the curve is
toward the right or adult field at birth, the shorter the postnatal period of
transition.
In the fortnight immediately after birth, when the dissociation curve is
shifting most rapidly toward the right, there is usually a marked reduction
in the oxygen capacity of the blood. All of the six lambs born naturally had
oxygen capacities that were higher than that of their mothers on the day of
delivery by amounts ranging from 0.4 to 3.1 volumes per cent. In three of
the four lambs in which the oxygen capacities were examined during the
)n Pseminolhon rium
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three or four days immediately after birth, the oxygen capacity of the blood
rose 0.4 to 1.5 volumes per cent above the value at birth before the decline.
A decrease in oxygen capacity which occurs in all the individuals of the
series ceases between elev-
1420 MoI/er d;.d en and twenty-one days
Q t e after birth (the lamb Bag-
t8>,-_.* ,, . " dadmaybe an exception);
/S INI .< \., ->v:this minimal value reached
.c N _-.-~ --a' ranges between 86.2 and
45.8 per cent of the origi-
nal capacity in this group
of lambs (see Fig. 5).
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FIG. 5. A graph illustrating the postoperative pears to be due to a de-
changes in oxygen capacity of the blood of lambs
born naturally (N.B.). crease in volume of circu-
lating red cells, for ob-
servations on the concentration of the plasma proteins by the falling drop
method of Barbour and Hamilton' (see Fig. 6) provide no evidence that the
decrease is due to hemal dilution. At birth the concentration of the plasma
proteins ranged between
3.4and6.8gramsper 100
cc. In some individuals
the concentration re-
mained unchanged dur-
ing the first twenty-five
days after birth; in
others it fell, e.g., from
6.8 to 6.12 grams per
100 cc. in the lamb
Mary. The concentra-
tion rose in some in-
dividuals as it did in
the plasma of lamb 19c
from 4.1 to 5.4 grams
per 100 cc.
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FIG. 6. A graph illustrating the postoperative
changes in the oxygen capacity of the blood of lambs
born by caesarian section (C.S.) and naturally (N.B.)
together with the changes in the protein concentration
in the plasma.
DISCUSSION
These observations on the rate of change in the position of the oxygen
dissociation of lambs after birth are in agreement with the solubility studies
of Karvonen' on the changes in the character of the haemoglobin. According
to these studies the transition which begins from about 120 days postinsemi-
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nation-at that time the haemoglobin is 100 per cent of the fetal type-
occupies two to three months before the haemoglobin of the blood is all of
the adult type, i.e., the transition is already in progress at full term, 145-150
days postinsemination, and continues one to two months postnatally. In the
individual lambs of this study the postnatal period of transition ranged
between 34 and 48 days. For the blood of the calf, Roos and Romjin4 '
found the period of transition from the natal to the adult type of oxygen
dissociation curve to be in the neighborhood of three weeks. The oxygen
capacity in their calves fell very gradually, rather than sharply, as in the
case of some of the lambs; adult oxygen capacities were reached when the
individuals were two to three weeks old.
In view of the fact that the most rapid change in the position of the
dissociation curve of the blood takes place at the same time as the fall in its
oxygen capacity, the possibility must be considered that the change in the
position of the dissociation curve is due to the selective removal of the cells
containing fetal type of haemoglobin; for Karvonen found in his solubility
studies that the transition to the adult type was due to the gradual replace-
ment of fetal type haemoglobin by the adult variety, the proportion of the
fetal falling during the transition as that of the adult rose. If the circulating
red cells at birth contain but one type of haemoglobin either fetal or adult
and not a mixture, then the rapid removal of the cells carrying the fetal
type-presumably the older cells-would account for the rapid change in
proportions of the fetal and adult types of haemoglobin in the blood and so
in the position of the dissociation curve. This possibility is being studied.
SUMMARY
Changes in the character of the oxygen dissociation curve and the oxygen
capacity of the blood have been followed during the postnatal period in
eight lambs. The oxygen capacity drops toward the adult level within the
first fortnight or three weeks after delivery; the dissociation curves shift
rapidly toward the right during the first fifteen days after birth and then
gradually to reach the adult field between thirty-four to forty-eight days
after birth.
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